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(54) PROJECTION ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To predict accurately and 
correct the amount of fluctuation of the optical 
characteristics of a projection optical system by a 
method wherein correction coefficients, which are 
changed, are preserved as data in every reticle and the 
amount of fluctuation of the optical characteristics is 
predicted using the preserved correction coefficients in 
every reticle. 

SOLUTION: The face of the focus of a projection optical 
system 4 is measured by a TTL focus system 50 and a 
correction coefficient Da in every reticle is corrected. 
When an exposure of one lot component ends, a reticle 2 
is housed in a reticle cassette. At this time, the newest 
correction coefficient Da used in an optical 
characteristic prediction part 18 is simultaneously 
preserved in a reticle data preservation part JjB as data 
to correspond to the reticle 2. Then, in the case where 
an exposure is performed using the same reticle, the 
n west correction coefficient Da is used. In such a way, 

as the correction coefficients in a predictive calculation are held so that they are preserved and 
used in every reticle, the accuracy of the predictive calculation can be enhanced. 
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[0022] 

Upon exposure as described above, a part of light energy 
being incident into a projection optical system 4 is absorbed 
into an optical element of the projection optical system 4. 
Since the temperature of the optical element rises, optical 
characteristics of the projection optical system 4 fluctuate 
according to the exposure. A main control part 14 predicts 
a fluctuation amount of the optical characteristics, using 
an optical characteristic prediction part 18, and sends an 
offset corresponding to the predicted value to an autofocus 
control part 12 based on the prediction result. Thus a stage 
control part 9 controls a surface of wafer 5 so that the wafer 
5 is constantly located at the focusing position of the 
projection optical system 4 . The main control part 14 obtains 
parameters to calculate the fluctuation amount. The 
parameters are an open/close time of a shutter of an illumination 
system 1 not shown in Figs., i.e., an exposure time t, a time 
interval between each exposure t' , an illumination area of 
the illumination system 1, an illuminance, a light amount QD 
to be calculated by a transmittance of a reticle 2, a coefficient 
Da peculiar to each reticle, and the like. 

[0023] 

An optical characteristic prediction part 18 predicts 
a fluctuation of the optical characteristics based on the 
parameters and a coefficient which is set peculiar to an 



apparatus, while exposure is performed repeatedly. As an 
example, a calculation to obtain a focusing position 
fluctuation AF of the projection optical system 4 is explained 
as follows. Equation 1 is used for the calculation. 

[0024] 

[Equation l] 

AF-AF1 + AF2 ® 
AF1 = SF • QD • Da • DT (2) 
AF2=-AF' • exp (-k F • t) ® 

In the above equation, SF is a proportionality constant, 
QD is a parameter corresponding to a total amount of a light 
transmitted through a circuit pattern, Da is a correction 
coefficient peculiar to each reticle stored in a reticle data 
storage part 16, DT is a ratio of a time when a shutter is 
opened to an unit time of the calculation, and K F is a parameter 
indicating a thermal conductivity of the projection optical 
system 4. AF' is a fluctuation amount of a focusing position 
of the pro j ection optical system 4 calculated during a preceding 
unit time. AF1 is a fluctuation amount per unit time of a 
focusing surface caused by a thermal absorption of the 
projection optical system 4, and AF2 is a fluctuation amount 
per unit time of a focusing surface caused by radiation of 
the projection optical system 4 . In addition, AF2 may represent 
a linear combination of plural terms. 



[0042] 

[effect of the invention] 



3 



According to the present invention as described above, 
when exposure is performed repeatedly and when optical 
characteristics fluctuate due to an absorption of a part of 
an exposure light by a projection optical system, it is possible 
5 to correct an error between a prediction calculation for each 
reticle and an actual optical characteristics due to a 
difference in a transmittance distribution of a reticle and 
a difference in a diffraction light distribution. In such a 
case, a correction coefficient used for the prediction 
10 calculation is stored in and used for each reticle, and 

accordingly the accuracy of the prediction calculation can 
be improved. 
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